A best evidence topic in thoracic surgery was written according to a structured protocol. The question addressed was whether a conservative fluid management strategy in the perioperative management of lung resection patients is associated with a reduced incidence of postoperative acute lung injury (PALI) and/or acute respiratory distress syndrome (ARDS) in the recovery period. Sixty-seven papers were found using the reported search, of which 13 level III and 1 level IV evidence studies represented the best evidence to answer the question. Two retrospective case-control studies demonstrated a direct association between liberal fluid intake and the incidence of PALI/ARDS following lung resection on multivariate analysis (MVA) with odds ratios (ORs) of 1.42 (95% CI 1.09-4.32, P = 0.011) and 2.91 (1.9-7.4, P = 0.001). In non-PALI/ARDS cases, the mean intraoperative fluid infusion volume was significantly less [1.22 l (1.17-1.26) vs 1.68 l (1.46-1.9) P = 0.005], the fluid balance over the first 24 postoperative hours was significantly less [1.52 l positive (1.44-1.60) vs 2.0 l positive (1.6-2.4) P = 0.026] and cumulated intra-and postoperative fluid infusion was significantly less [2.0 ml/kg/h (1.7-2.3) vs 2.6 ml/ kg/h (2.3-2.9) P = 0.003]. These data show that the difference between fluid regimes associated with an increased incidence of PALI/ARDS (i.e. 'liberal') and those which are not (i.e. 'conservative') is narrow but significant. However, this does not prove a causative role for liberal fluid in the multifactorial development of PALI/ARDS. On this best evidence, we recommend intra-and postoperative maintenance fluid to be administered at 1-2 ml/kg/h and that a positive fluid balance of 1.5 l should not be exceeded in the perioperative period with caution being exercised with regard to the adequacy of oxygen delivery. If the fluid balance exceeds this threshold, a high index of suspicion for PALI/ARDS should be adopted and escalation of the level of care should be considered. If a patient develops signs of hypoperfusion after these thresholds are exceeded, inotropic/vasopressor support should be considered.
INTRODUCTION
A best evidence topic was constructed according to a structured protocol as described in ICVTS [1] . 
THREE-PART QUESTION

CLINICAL SCENARIO
A 61-year old man underwent an open left lower lobectomy. He received 2.1 l of intravenous crystalloid intraoperatively and in the first 24 h postoperatively, he received fluids at 125 ml/h. He weighed 85 kg. Eight hours postoperatively, his urine output was 10 ml/h for two consecutive hours. His fluid balance was 2.3 l positive for the last 24 h. You consider whether to administer a fluid challenge or to commence vasopressor/inotropic support mindful of the risk of postoperative acute lung injury (PALI)/ acute respiratory distress syndrome (ARDS). Absence of arterial blood gas data on 32 patients means that the true incidence of PALI/ARDS according to [3] guidelines may be over-or under-estimated.
Analysis of fluid volume against confirmed cases of PALI/ARDS (44) Experimental canine animal study n = 13
A (n = 8): 100 ml/kg crystalloid immediately prior to right pneumonectomy followed by >100 ml/kg postoperative fluid balance B (n = 5): 50 ml/kg immediately prior to right pneumonectomy followed by 50 ml/kg intraoperatively followed by <100 ml/kg postoperative fluid balance C (n = 4): 100 ml/kg immediately prior to sham thoracotomy followed by >100 ml/kg postoperative fluid balance 
SEARCH OUTCOME
Sixty-seven papers were found using the reported search. Fourteen papers were selected as giving the best evidence (Table 1) .
RESULTS
The best evidence available to answer this question are the studies by Licker et al. [2, 3] . Both used consensus guideline criteria [4] for the diagnosis of PALI/ARDS and demonstrated an association between increasing the volume of fluid administration in the intraoperative and postoperative periods and the incidence of PALI/ARDS on multivariate analysis (MVA) with odds ratios (ORs) of 1.42 (95% CI 1.09-4.32, P = 0.011) [2] and 2.91 (1.9-7.4, P = 0.001) [3] . In non-PALI/ARDS cases, the mean intraoperative fluid infusion volume was significantly less (1.22 l (1.17-1.26) vs 1.68 l (1.46-1.9) P = 0.005), fluid balance over the first 24 postoperative hours was significantly less (1.52 l positive (1.44-1.60) vs 2.0 l positive (1.6-2.4) P = 0.026) and cumulated intra-and postoperative fluid infusion was also significantly less (2.0 ml/kg/h (1.7-2.3) vs 2.6 ml/kg/h (2.3-2.9) P = 0.003) [3] . Total fluid infusion in the first 24 h postoperatively was not significantly different (PALI/ARDS group 2.1 l (1.85-2.33), non-PALI/ARDS group 1.85 l (1.79-1.91) P = 0.075) [3] . This data set provides evidence that the difference between fluid therapy associated with an increased incidence of PALI/ARDS (i.e. 'liberal') and fluid therapy associated with no increased incidence (i.e. 'conservative') is narrow, although it is not possible to provide an exact definition of liberal fluid therapy from these data. Alam et al. [5] also demonstrated a significant association on MVA between increasing fluid administration and the outcome 'primary lung injury' (OR 1.2 (1-1.4), P = 0.02) for every 500 ml increase in perioperative fluid administration; however, this study was limited by the use of non-standardized diagnostic criteria for PALI/ARDS, raising the potential for an over-or underdiagnosis of the condition. Several of the other studies analysed were limited in that fluids were not directly assessed against PALI/ARDS; composite outcome measures such as 'all respiratory' or 'all major' complications were used [6] [7] [8] [9] [10] . Others were limited for the purposes of comparison by using non-standardized outcomes related to PALI/ARDS, e.g. 'primary lung injury' and 'postoperative pulmonary oedema' [5, [9] [10] [11] [12] rather than consensus criteria [4] . Where no association is reported, several papers have not published the amount of fluid administered [10, [12] [13] [14] [15] . Blank et al. [6] may have shown an association between fluid intake and the outcome 'all respiratory complications' were the cohort of PALI/ ARDS cases larger (n = 9) [16] .
The published data show that liberal fluid therapy is associated with a higher incidence of PALI/ARDS; however, a causal relationship cannot be inferred; PALI/ARDS is clearly a multifactorial disease process with liberal fluid therapy being one of several associated risk factors (e.g. blood transfusion, hypotensive haemorrhage, prolonged duration of one-lung ventilation and ventilator-induced lung injury). It is thought that the development of PALI/ARDS may require two or more of these 'hits' [17] . The evidence presented here follows on from the 1984 unmatched case-control study [18] of 25 patients which suggested that a liberal vs judicious perioperative fluid load is associated with pulmonary oedema following pneumonectomy (4913 ± 1169 ml (n = 10 pulmonary oedema cases) vs 3483 ± 984 ml (n = 15 controls) (mean ± SD)). This study also described a canine experimental model of right pneumonectomy with a 48 h period of postoperative monitoring that assessed a liberal crystalloid perioperative fluid load (100 ml/kg rapidly infused immediately preoperatively followed by a >100 ml/kg postoperative fluid balance (n = 8)) vs a judicious perioperative fluid load (50 ml/kg rapidly infused immediately preoperatively followed by 50 ml/kg rapidly infused intraoperatively followed by a <100 ml/kg postoperative fluid balance [n = 5]) vs a control group with a 100 ml/kg preoperative rapid fluid load followed by sham thoracotomy and >100 ml/kg postoperative fluid balance. All dogs in the liberal fluid load group developed pulmonary oedema, whereas no dogs in the judicious fluid load or control group developed the condition. The control group data powerfully demonstrate that the perioperative pathophysiology of pneumonectomy exposes the remaining lung to a risk of pulmonary oedema in mammals.
CLINICAL BOTTOM LINE
PALI/ARDS has a mortality of >50% [19] ; therefore, strategies to reduce its incidence are of great interest. On this best evidence presented, we recommend a conservative strategy of administration of maintenance fluids at 1-2 ml/kg/h in the intra-and postoperative periods and that a positive fluid balance of 1.5 l should not be exceeded, to mitigate the risk of multifactorial PALI/ ARDS. Caution should be exercised with regard to silent hypovolaemia, impaired oxygen delivery and acute kidney injury [20] . If the fluid balance exceeds this threshold, a high index of suspicion for PALI/ARDS should be adopted and an escalation of the level of care should be considered. If a patient develops signs of hypoperfusion after these thresholds are exceeded, inotropic/ vasopressor support should be considered.
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